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EMISSION QUANTIFICATION TECHNIQUES

Fugitive dust emission rates and particle size distributions are difficult to quantify
because of the diffuse and variable nature of such sources and the wide range of particle
sizes, including particles that deposit immediately adjacent to the source. Standard source
testing methods, which are designed for application to confined flows under steady-state,
forced-flow conditions, are not suitable for the measurement of fugitive emissions unless
the plume can be drawn into a forced-flow system. The available source testing methods
for fugitive dust sources are described in the following paragraphs.

Mechanical Entrainment Processes

Because it is usually impractical to enclose open dust sources or to capture the entire
emissions plume, only two methods are suitable for the measurement of particulate
emissions from most open dust sources:

1. The upwind-downwind method involves the measurement of upwind and downwind
particulate concentrations, utilizing ground-based samplers under known
meteorological conditions, followed by a calculation of the source strength (mass
emission rate) with atmospheric dispersion equations.

2. The exposure-profiling method involves simultaneous, multipoint measurements of
particulate concentration and wind speed over the effective cross section of the
plume, followed by a calculation of the net particulate mass flux through integration
of the plume profiles.?

In both cases it is customary to use high-volume air samplers, so that quantifiable sample
mass can be accumulated in sampling periods no longer than about six hours.

Upwind-Downwind Method. The upwind-downwind method involves the measurement
of airborne particulate concentrations both upwind and downwind of the pollutant source.
The number of upwind sampling instruments depends on the degree of isolation of the
source operation of concern (i.e., the absence of interference from other sources upwind).
Increasing the number of downwind instruments improves the reliability in determining
the emission rate by providing better plume definition. In order to reasonably define the
plume emanating from a point source, instruments need to be located at a minimum of
two downwind distances and three crosswind distances. The same sampling
requirements pertain to line sources except that measurements need not be made at
multiple crosswind distances.

Net downwind (i.e., downwind minus upwind) concentrations are used as input to
atmospheric dispersion equations (normally of the Gaussian type) to back-calculate the
particulate emission rate (i.e., source strength) required to generate the pollutant
concentrations measured. Emission factors are obtained by dividing the calculated
emission rate by the source extent. A number of meteorological parameters must be
concurrently recorded for input to this dispersion equation. As a minimum, the wind
direction and speed must be recorded on-site.
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While the upwind-downwind method is applicable to virtually all types of sources, it
has significant limitations with regard to the development of source-specific emission
factors. Because of the impracticality of adjusting the locations of the sampling array for
shifts in wind direction during sampling, it may be questionable to assume that the plume
position is fixed in the application of the dispersion model. In addition, the usual
assumption that a line or area source is uniformly emitting may not allow for a realistic
representation of spatial variation in source activity.

Exposure-Profiling Method As an alternative to conventional upwind-downwind
sampling, the exposure-profiling technique utilizes the emission profiling concept, which
is the basis for the conventional ducted source testing method (i.e., USEPA Method 5°),
except that, in the case of exposure-profiling, the ambient wind directs the plume to the
sampling array. The passage of airborne particulate matter immediately downwind of the
source is measured directly by means of a simultaneous, multipoint sampling of
particulate concentration and wind velocity over the effective cross section of the fugitive
emissions plume.

For the measurement of nonbuoyant fugitive emissions using exposure profiling,
sampling heads are distributed over a vertical network positioned just downwind (usually
about 5 m) from the source. Particulate sampling heads should be symmetrically
distributed over the concentrated portion of the plume containing at least 80% of the total
mass flux. A vertical line grid of at least three samplers is sufficient for the measurement
of emissions from line or moving point sources (see Figure A-1), while a two-
dimensional array of at least five samplers is required for quantification of the fixed
virtual point source of emissions. For quantifying emissions of particles larger than about
10 um, the particulate samplers should have directional intakes, as discussed below. At
least one upwind sampler must be operated to measure the background concentration, and
wind speed and direction must be measured concurrentlv on-site.

@ Profiler Head
Q Cyclone/impactor
~e Anemometer

Figure A-1. Exposure Profiling Method—Roadway
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The particulate emission rate is obtained by a spatial integration of the distributed
measurements of exposure (accumulated mass flux), which is the product of mass
concentration and wind speed:

R = jA C(h,w)u(h, w)dhdw (1)
where, emission rate, (g/s)
net particulate concentration, (g/m®)
wind speed, (m/s)
vertical distance coordinate, (m)

lateral distance coordinate, (m)
effective cross-sectional area of plume, (m?)
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Usually, a numerical integration scheme is used to calculate the emission rate. This
mass-balance calculation scheme requires no assumptions about plume dispersion
phenomena.

Isokinetic Sampling Regardless of which method is used, isokinetic sampling is required
for a representative collection of particles larger than about 10 um in aerodynamic
diameter. The directional sampling intakes are pointed into the mean wind direction and
the intake velocity of each sampler is periodically adjusted (usually with intake nozzles)
to closely match the mean wind velocity approaching the sampling intake. Because of
natural fluctuations in wind speed and direction, some anisokinetic sampling effects will
always be encountered. If the angle o between the mean wind direction and the direction
of the sampling axis equals 30°, the sampling error is about 10%.* For an isokinetic flow
ratio of sampling intake speed to approach wind speed between 0.8 and 1.2, the sampling
error is about 5%."

Wind Erosion

The two wind erosion source testing methods of interest are the upwind-downwind
method as described above and the portable wind tunnel method. The wind tunnel
method involves the use of a portable open-floored wind tunnel for in situ measurement
of emissions from representative surfaces under predetermined wind conditions.”

Upwind-Downwind Method The upwind-downwind method is burdened with practical
difficulties for the study of wind erosion, in that the onset of erosion and its intensity is
beyond the control of the investigator. In addition, background (upwind) particulate
concentrations tend to be high during erosion events, making source isolation very
difficult.

Wind Tunnel Method The most common version of the wind tunnel method utilizes a
pull-through wind tunnel with an open-floored test section placed directly over the
surface to be tested. Air is drawn through the tunnel at controlled velocities. The exit air
stream from the test section passes through a circular duct fitted with a directional
sampling probe at the downstream end. Air is drawn isokinetically through the probe by
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a high-volume sampling train. The wind tunnel method incorporates the essential
features of the USEPA Method 5 stack sampling method.®> The one prime difference, the
use of single-point sampling, is justified by the high turbulence levels in the sampling
module. The measurement uncertainty inherent in this method is of the same order as
that in Method 5, which has been subjected to extensive collaborative testing by EPA.
The wind tunnel method relies on a straightforward mass-balance technique for the
calculation of emission rate. By sampling under light ambient wind conditions,
background interferences from upwind erosion sources can be avoided. Although a
portable wind tunnel does not generate the larger scales of turbulent motion found in the
atmosphere, the turbulent boundary layer formed within the tunnel simulates the smaller
scales of atmospheric turbulence. It is the smaller-scale turbulence which penetrates the
wind flow in direct contact with the erodible surface and contributes to the particle
entrainment mechanisms.®

Particle Sizing

Concurrent with the measurement of mass emissions, the aerodynamic particle size
distribution should be characterized. Chemical, biological, and morphological analyses
may also be performed to characterize the nature and origin of the particles. For particle
sizing, a high-volume cyclone/cascade impactor featuring isokinetic sample collection
has been used.” A cyclone preseparator (or other device) is needed to remove the coarse
particles, which otherwise would bounce off the greased substrate stages within the
impactor, causing fine-particle bias. Once again, the sampling intake is pointed into the
wind and the sampling velocity adjusted to the mean local wind speed by fitting the
intake with a nozzle of appropriate size. This system offers the advantage of a direct
determination of aerodynamic particle size.

Another particle sizing option includes an analysis of the particulate deposit by
optical or electron microscopy. Disadvantages include: (a) potential artificial
disaggregation of particle clusters during sample preparation, and (b) uncertainties in
converting physical size data to equivalent aerodynamic diameters. In a collaborative
field test of the exposure-profiling method, the cyclone/impactor method was judged to
be more suitable than microscopy for the particle sizing of fugitive dust emissions.®

Control Efficiency Estimation

Field evaluation of the control efficiency requires that the study design include not
only adequate emission measurement techniques but also a proven “control application
plan.” In the past, two major types of plans have been used. Under the Type-1 plan,
controlled and uncontrolled emission measurements are obtained simultaneously. Under
the Type-2 plan, uncontrolled tests are performed initially, followed by controlled tests.

In order to ensure comparability between the operating characteristics of the
controlled and uncontrolled sources, many evaluations are forced to employ Type-2
plans. An example would be a wet suppression system used on a primary crusher. One
important exception to this; however, is unpaved-road dust control. In this instance,
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testing under a Type-1 plan may be conducted on two or more contiguous road segments.
One segment is left untreated and the others are treated with the dust suppressant. Under
a Type-2 plan, a normalization of emissions may be required to allow for potential
differences in source characteristics during the uncontrolled and controlled tests because
they do not occur simultaneously.

References

1.

Kolnsberg, H. J., 1976. Technical Manual for the Measurement of Fugitive
Emissions: Upwind/Downwind Sampling Method for Industrial Fugitive Emissions,
EPA-600/2-76-089a, NTIS Publication No. PB253092.

Cowherd, C. Jr., Axtell, K. Jr., Maxwell, C.M., Jutze, G.A., 1974. Development of
Emission Factors for Fugitive Dust Sources, EPA Publication No. EPA-450/3-74-
037, NTIS Publication No. PB-238 262.

U.S. EPA, 1977. Standards of Performance for New Stationary Sources, Revision to
Reference Methods 1-8, Federal Register, 18 August 1977, Part I1.

Watson, H. H., 1954. Errors due to Anisokinetic Sampling of Aerosols, Am. Ind.
Hyqg. Assoc. Quart., 15:2 1, 1954.

Cuscino, T. Jr., Muleski, G. E., and Cowherd, C. Jr., 1983. Iron and Steel Plant Open
Source Fugitive Emission Evaluation, EPA-600/2-83-1 10, NTIS Publication No.
PB84-1 10568.

Gillette, D. A.,1978. Tests with a Portable Wind Tunnel for Determining Wind
Erosion Threshold Velocities, Atmos. Environ., 12:2309.

Cowherd, C. Jr., Kinsey, J.S., Wallace, D.D., Grelinger, M.A., Cuscino, T.A.,
Neulicht, R.M., 1986. Identification, Assessment, and Control of Fugitive Particulate
Emissions, EPA-600/8-86-023, NTIS Publication No. PB86-2300083.

McCain, J. D., Pyle, B. E., McCrillis, R. C., 1985. Comparative Study of Open
Source Particulate Emission Measurement Techniques, in Proceedings of the Air
Pollution Control Association Annual Meeting, Pittsburgh PA: APCA.

A-5



